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Abstract 
Model-based energy scenarios are a widely used tool for supporting economic and political decision 
makers. The results of energy modeling and the conclusions deduced therefrom, however, depend on 
the model input data derived from framework assumptions about future developments in the 
embedding society, which are deeply uncertain in the long term. The challenge to deal with this 
‘context uncertainty’ in a systematic and comprehensive manner has only recently started to attract 
intensified attention in energy research; the search for appropriate methods is ongoing. This paper 
proposes a new concept for the construction of socio-technical energy scenarios, which combines 
familiar environmental modeling approaches with new developments in qualitative scenario 
methodology, and demonstrates the possible application of the concept in model-based energy 
scenario construction. 
 
Key words: energy scenario, energy modeling, cross-impact balance analysis, socio-technical 
scenario, context scenarios 
 
 
1. Introduction 
These days, model-based energy scenarios are a well-established practical tool informing public 
debates, corporate decision makers and policy advisors about possible futures, options, and policy 
effects [1]. Traditional energy scenarios achieve this by focusing on the technical and energy-
economic dimensions of the future describing the deployment of techniques, changes in energy 
demand and supply, in emissions, in supply costs and the like. Determinants of the energy future 
located outside the immediate energy system, such as demographic and economic developments, 
innovation dynamics, changes in public attitudes, social values and consumer behavior are, despite 
their deep uncertainty in the long term, mostly treated as fixed framework assumptions. On the 
other hand, the pronounced influence of the framework assumption on model results is well known 
to energy modelers [2]. This begs the question how much reliability can be expected from results and 
the conclusions derived therefrom, bearing in mind that they critically depend on deeply uncertain 
assumptions – if these uncertainties are not adequately dealt with.  
Adequately dealing with the ‘context uncertainty’ in energy modeling, however, is not an easy task. It 
requires an uncertainty assessment for each relevant framework assumption, while taking into 
account the interdependences between the various context developments. All this needs to be done 
in a broad field of research questions, which transcends disciplinary boundaries, at the same time 
also including qualitative forms of knowledge. Basically this means beginning the exercise of 
constructing energy scenarios with an effort, aimed at providing a better understanding of the range 
of possible futures of the society into which the energy system is embedded. Furthermore, to do 
justice to the scientific character of the subsequent energy systems analysis, this preparatory step 
should be systematic and meet minimum standards of transparency, traceability, and 
intersubjectivity (if objectivity cannot be achieved) – criteria that are not easily fulfilled in the 
construction of qualitative societal scenarios. 
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This article describes an approach to better address the uncertainty of societal framework 
assumptions in energy modeling and the socio-technical character of energy transitions. The ‘context 
scenario’ approach was developed in the years 2011-2014 as part of the research alliance ENERGY-
TRANS, a platform for interdisciplinary research activities dealing with the socio-technical aspects of 
the German energy transition (‘Energiewende’) [3].  
Scenarios, including energy scenarios, can assume different roles in foresight exercises and this 
diversity has its impacts on the role and usefulness of the proposed context scenario approach. 
Börjeson et al. differentiate between ‘predictive’ (e.g. what-if), ‘explorative’ and ‘normative’ 
scenarios [4]. The most pronounced effect of the proposed approach can be expected in the case of 
explorative energy scenarios which deal with the question ‘what may happen?’ because, obviously, a 
comprehensive answer to this question must exceed the closer energy system and put the same 
question also to the major drivers of the energy system. Hence, this case is the focus of this article. 
This does not mean, however, that the context scenario approach is not relevant for other types of 
energy scenarios: In ‘what-if scenarios’ (if-then scenarios) the ‘if’ condition usually is restricted to a 
small part of the model’s input data set (for instance, a specific economic development or a specific 
political action), excluding the wide range of all other drivers. This means that the if-then answer 
constructed by the model may well critically depend on the assumptions about the excluded drivers, 
a fact challenging the robustness of the if-then analysis, when done in a traditional model-only style. 
Normative (‘what should happen’) scenarios, on the other hand, are bound to a desired final state 
and not open to variations in this respect. Nevertheless, they may be open to the question which 
pathways to the final state might be advisable or simply feasible under different framework 
conditions. Hence, the context scenario approach should be, to varying degree, relevant for all types 
of energy scenarios.  
The relevance of the context scenario approach depends also on the type of energy model employed 
in the scenario exercise. In energy systems analysis a bunch of different types of models exist. The 
most common are techno-economic models, like TIME PanEU [5]. Furthermore, economic models, 
like computable or applied equilibrium models (e.g. GTAP-E, see [6]), agent-based models and 
systems dynamics could be named. Generally spoken, the proposed approach should be useful for all 
model types in which the model is driven by a non-trivial set of uncertain and interrelated exogenous 
assumptions. This is typical for techno-economic and economic energy models. To which extent this 
applies also to agent-based models and system-dynamic energy models depends on the set-up of the 
model exercise. 
The following chapters describe the motifs and the inspiration the authors took from climate change 
research and other research fields. The concept of context scenarios is outlined and its usage for the 
construction of socio-technical energy scenarios is shown using a demonstration exercise. Finally, 
strengths and limitations of the concept are discussed. 
 
 
2. Motivation 
To generate future energy system pathways, a great number of assumptions have to be defined, 
which are ex- and implicitly taken into account in the model, e.g. concerning demographic 
development, gross domestic product (GDP) growth, increases of energy efficiencies and many 
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others (see e.g. [2] and appendix Table A.1). All of these assumptions are associated with 
considerable uncertainty when it comes to long-term scenarios, and they imply an assessment and 
interpretation of current knowledge. This interpretation – which is always a part of the scenario 
generation process and usually not fully transparent – leads to a selection of exogenous techno-
economic, political, and societal factors, together building a certain story about the future of the 
embedding society on the one hand and to the neglect of other possible assumptions and underlying 
stories on the other hand. One example are the assumptions on population growth included in 
International Energy Agency (IEA) studies: the IEA energy scenarios [7] are based on data published 
by United Nations Population Division (UNPD) [8]. UNPD analyzed different scenarios on population 
growth based on different societal development pathways. However, IEA – following a very common 
procedure - only used the data for the medium case, ignoring that this case reflects only one possible 
option. As a result, the scenarios published by the IEA might only reflect a very restricted spectrum of 
possible developments. Other examples often cited are GDP development and the derived 
assumptions about energy demand, and sensitive assumptions relating to fossil fuel prices, 
technology costs and CO2 emission costs. This focus on one set of assumptions and one underlying 
story as a starting point for the model analysis may cause an unwise limitation of the 
bandwidth/variety of derived energy scenarios that is considered as possible even if sensitivity 
analysis is applied to test the influence of some of the assumptions.  
Furthermore, a sound choice of assumptions in different fields (demography, economy, technological 
progress and others) requires careful consideration of the complex interdependencies between 
developments in all these fields, or as IEA put it "Key drivers of energy markets are hard to predict, in 
part because they interact with each other" [9]. This cross-disciplinary effort frequently lacks 
documentation in the scenario studies (if done at all) and a lack of internal consistency cannot be 
ruled out in such cases.  
Internal consistency among (mathematically related) numerical assumptions can be managed more 
easily using quantitative approaches than qualitative approaches. However, quantitative approaches 
– usually used for energy scenarios – have the disadvantage that those factors that cannot be 
expressed in numbers are either more or less ignored, or set implicitly as constant. This may limit the 
suitability of existing scenarios and scenario studies for a broader range of research questions (see 
e.g. [10]). All of the exogenous factors employed as drivers in the model analysis, not to mention any 
endogenous factors (often calculated by cost optimizing objective functions) are based on various 
societal assumptions such as behavior patterns, attitude to technical changes, or public acceptance. 
Usually these are either only included implicitly, or are simply ignored in energy scenarios (cf. 
appendix Table A1). The results are conclusions that risk being of limited robustness and 
consistency.  
One striking example of how far energy models can mislead when the stability of the societal and 
political environment is overrated, was highlighted by Mai et al. They described the repeated and 
pronounced underestimation of U.S. wind turbine deployment by energy models in the period 2001-
2009, explained partly by static policy assumptions in a dynamic socio-political context [11]. 
Compared to common practice, a methodology that combines a quantitative approach, where 
possible, with a more explicit appraisal and a deeper analysis of societal assumptions should result in 
a far better understanding of transition processes, as well as the risks and robustness concerning 
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possible developments in the societal context. The benefit of doing so can be observed in several 
other research fields. 
 
3. Learning from other fields 
The challenge of adequately defining scenario assumptions that represent the uncertainty and 
complexity of future social development is not merely confined to energy scenario analysis. Instead it 
involves any fields that require such assumptions on societal futures as input for technical and/or 
environmental modeling - environmental change research, for example. Energy scenario analysis can 
therefore learn from the methodological answers to this challenge developed in related fields.  
In this section based on literature review, the so-called ‘Story and Simulation (SAS)’ [12] approach 
from the field of environmental scenario analysis is therefore briefly described, followed by a short 
discussion of its benefits and limits, including the latest developments from the field of climate 
change research. 
 
3.1 “Story and simulation (SAS)” - a methodology for environmental scenario analysis 
In the field of environmental scenario analysis, an approach has been developed in the last 15 years 
which proposes combining storylines, i.e. qualitative, textual or even narrative descriptions of 
societal (political, institutional, etc.) futures with numerical simulation models. The approach is based 
on the much older idea of combining quantitative or ‘hard’ systems thinking (cf. e.g. [13]) with 
qualitative or ‘soft’ systems thinking [14]. It has been established mainly under the label of “Story 
and Simulation (SAS)” by Joseph Alcamo [12], but is also called “integrated scenarios” (e.g. [15]), and 
“narratives and numbers” (e.g. [16]), or “hybrid scenarios” (e.g. [17]). 
The basic idea of SAS is first to construct a broad set of qualitative storylines, to translate the driving 
forces of the storylines into quantitative sets of input parameters for the numerical model, and to 
use these sets for scenario simulation. The storylines are often constructed together with experts in 
form of workshops. The SAS methodology results in ‘hybrid’ scenarios, comprising qualitative context 
descriptions and quantitative model calculations of system consequences. The approach relies on the 
principles of consistency control and iteration: the authors suggest that modeling and simulation are 
used “to identify inconsistencies in the storylines” ([10] and others), and thus recommend revising 
the storylines after simulation. Iteration may then become necessary, adapting the input-parameter 
sets to the refined storylines and repeating the simulation. 
SAS has become state of the art in scenarios of environmental change [18]. It has been applied to 
multiple fields, such as water management (e.g. [19]), biodiversity (e.g. [20]), sustainability (e.g. [21]), 
land use (e.g. [22]), and its perhaps best known application in the field of climate change research, 
documented in the International Panel of Climate Change’s Special Report on Emissions Scenarios by 
(IPCC SRES [23]). However, integrated qualitative-quantitative scenario methodologies have also 
been developed and used in other fields such as industrial ecology (see e.g. [24]) and economics (see 
e.g. [25]). 
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3.2 Critical discussion of SAS and latest developments in the field of climate change research 
Though it has plenty of appeal, the SAS approach is also fraught with difficulties. Its central benefits, 
compared to the current practice of energy scenario analysis are ([26], see also [27]):  
a) Qualitative factors are not ignored and excluded, but are considered and included through 
the storylines. 
b) Assumptions on future (social) developments behind indicators and time-series used as 
model input do not remain hidden but are made explicit. 
c) Instead of assuming only one possible social future (e.g. with regard to population growth), 
the uncertainty of social developments is addressed through a bandwidth of storylines 
covering different future alternatives – and this not only for single developments but in the 
form of comprehensive pictures.  
The key limits and challenges of SAS, also recognized by the SAS authors themselves (e.g. [10]) are:  
a) Qualitative storylines suffer from a lack of reproducibility originating from a lack of 
transparency, as they are based on “assumptions and mental models of storyline writers 
[that] remain unstated” [10]. 
b) The conversion, i.e. the translation of qualitative into quantitative knowledge remains 
“one of the weakest links in SAS procedure” [10], and finally it is always reliant on expert 
judgment, even in the application of formalized translation/conversion techniques [10], for 
instance, proposes using fuzzy logics; Kemp-Benedict proposes using Bayesian statistical 
reasoning [28]. 
In the field of climate change, there is ongoing critical discussion of the SAS approach; ways to take it 
forward are being developed. For instance, Garb et al. commented: “Indeed, there is a growing 
imbalance between the increasing technical sophistication of the modeling elements of scenarios 
and the continued simplicity of our understanding of the social origins, linkages, and implications of 
the narratives to which they are coupled” [29]. Regarding this weakness of the storyline part, the 
recommendation has been formulated (e.g. [18]) to use more systematic and formalized approaches 
to construct storylines, i.e. approaches that go beyond the mainly used ‘intuitive logics’ (IL) technique 
[30]. Cross-impact balance analysis (CIB, [31]), a qualitative form of systems analysis, is currently 
being discussed as a potential alternative for developing the qualitative part of the combination (e.g. 
[32]). Schweizer and Kriegler for example have demonstrated empirically with the help of CIB that 
the internal consistency of the storylines was not assured for all storylines of the IPCC SRES [33]. 
Thus, the principle of consistency control has not been successful in this case. Furthermore, the SRES 
scenario sample lacked other possible and internally consistent storylines. Moreover, the advantages 
of CIB compared to IL in terms of objectivity have also been discussed from a philosophy of science 
perspective [34]. A proposal to use CIB in constructing global socio-economic pathways for climate 
change research has been made [35] within the new IPCC framework of shared socioeconomic 
pathways (SSP) [36]. 
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3.3 State of transfer to energy research 
Considering the methodologies developed in other fields and the benefits achieved thereby, it is not 
surprising that several energy modelers got interested in the transfer of the SAS concept to energy 
scenario construction. Indeed, an increasing number of energy researchers apply storyline + model 
approaches, some aiming at incorporating stakeholder views into the model exercise, some using 
storylines as a means of expressing input uncertainty. The Tyndall Decarbonisation Project developed 
a series of storylines about desirable decarbonisation end points before quantitatively backcasting 
the respective pathways ([37], model results are described in [38]). Stocker et al. reutilized storylines 
developed by a previous biodiversity project [39] to develop coherent sets of policy measures 
informing an econometric model (GINFORS) [40]. Economic data as well as energy and emission 
developments were calculated for the EU 25 for each storyline. The CLUES project designed four 
storylines about the UK energy system 2050 and subsequently quantified the storylines using the 
Tyndall model [41]. Gouveia et al. developed projections of energy services demand for residential 
buildings for Portugal and checked the robustness of their TIMES-PT model results using ‘sensitivity 
analysis scenarios’; no detailed information about their construction is available [42]. Capellán-Pérez 
et al. used a meta-study about global socio-economic scenarios [43] to define a set of storylines, 
driving a system-dynamics energy model with focus on global fossil fuel depletion [44]. Following a 
long-lasting tradition, Shell's global energy scenarios were based on two alternative narratives 
describing global trends in various fields [45]. O’Mahony proposed a combined IL-storyline and 
energy simulation approach for short-term energy scenarios [46]. The concept was applied in a 
project analyzing energy futures for Ireland [47]. Trutnevyte et al. used one (exemplary) storyline to 
inform eight energy models (‘landscape of models’) simulating the UK power system transition. The 
exercise delivered particular insights into the difficulties of storyline translation and the benefits of 
storyline-model-iterations [48]. McDowall described a ’dialog’ between narrative socio-technical 
scenarios and energy system modeling in the field of hydrogen energy [49]. Narrative scenarios 
expressing stakeholder views were constructed in an IL-style. They were used to take benefit of a 
‘constructive conflict’ between storylines and model exercises. Fortes et al. developed long-term 
energy scenarios for Portugal [50]. Stakeholder workshops prefaced the TIMES-PT model exercise. 
They designed two narrative scenarios each ‘providing a coherent context for modeling 
assumptions’. 
Though this overview clearly reflects a trend towards increasing storyline application in energy 
research in recent years, storylines usually are constructed in a rather classical, i.e. nonformalized, 
frequently discussion-based style comparable to the IL approach used in climate research. The critical 
discussion in climate research about more systematic, traceable and by this, more ‘scientific’ 
storyline construction methods (cf. section 3.2) was hardly noticed in energy research, so far. Rare 
exceptions are Hansen et al., applying CIB scenarios to link sectorial energy modeling with national 
and global developments [51], and Ruth et al., using CIB based ‘framing scenarios’ (developed by 
Wachsmuth et al. [52]) as a starting point for a climate-driven regional agriculture-energy model 
analysis [53]. Against this background, it is the purpose of this article to pave the further way for an 
intensified use of systematically derived ‘hybrid scenarios’ in energy research. It presents a coherent 
concept how to develop ‘context scenarios’ in a systematic and traceable way. Using a demonstrator 
comparing a model-only and a context-scenario-plus-model-analysis the article illustrates the 
difference the concept can make and how this can lead to an advanced understanding of the role of 
context uncertainties in energy modeling. 
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4. The concept of context scenarios and the construction of socio-technical energy scenarios: an 
overview 
As outlined in Chapter 3, the SAS approach has been applied in environmental modeling for decades, 
with the aim of reflecting the uncertainty of dynamic and complex systems more accurately. 
Discussions about energy modeling, which deal with an equally complex and dynamic (socio-
technical) system, have only recently started to address the need to achieve a better reflection of 
socio-technical ’complexity’ in energy scenarios (cf. chapter 3.3).  
To improve the operationalization of SAS in energy research, the proposed concept uses a more 
systematic method of storyline construction - CIB analysis - as argued in Chapter 3. The basic idea is 
to substitute ‘intuitive logics’, the SAS story construction method, with the more formalized CIB 
method. The Cross-impact balance method “can be understood as a heuristic procedure that 
supports the analysis of qualitative knowledge about the interdependence of system elements” [54]. 
When approaching complex systems such as socio-technical systems, “soft” knowledge [46], which is 
qualitative in origin, is equally important as “hard” and quantifiable knowledge. Realizing scenario 
exercises with CIB enables such heterogeneous types of knowledge to be included as input data. 
CIB can be understood as an improvement of a traditional scenario method named ‘field anomaly 
relaxation´ [55] or ‘consistency matrix’ [56]. Enriching this method with motifs from cross-impact 
analysis (CIA, [57]) results in a method capable of evaluating qualitative impact networks in a simple 
and transparent way. As a general purpose qualitative systems analysis tool, CIB has been applied in 
various research fields, including biotechnology [58], waste (e.g. [59]), energy (e.g. [60]), 
environmental modeling [61], health (e.g. [62]), climate change (e.g. [33]), innovation [63], 
sustainability (e.g. [64]) and others. A bibliography of CIB applications can be found at [65]. The 
workflow for constructing CIB-based context scenarios, exploiting them to inform energy model 
analysis, and for combining both parts of the analysis to produce hybrid ‘socio-technical energy 
scenarios’ can be sketched using the following steps:  
 
I. Context analysis 
a. Defining the context. In a first step the most important factors, so called ‘descriptors’ [66], 
with significant direct or indirect influence on the energy systems analysis, need to be 
identified and collocated using desk research, expert workshops, or other participatory 
approaches. If influences from the energy system are expected to feed back into the 
context, the respective energy variables generating the feedback also need to be added to 
the list of descriptors. The list of descriptors (typically 10-20 descriptors) then builds the 
elements of the system under study.  
b. Identifying the future uncertainties of the context. Next a small set of alternative futures 
(typically 2-4) is defined for each descriptor, roughly representing the possible and deemed 
probable developments of the descriptor, which are then included in further analysis. The 
different types of knowledge (relating to qualitative and quantitative descriptors) are 
integrated in the analysis in the form of short essays describing the state/content and the 
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possible/plausible future developments of each descriptor, and may have either a 
numerical or linguistic characterization.  
c. Analyzing the interdependences. The next step of CIB analysis is the qualitative yet 
systematic judgment of direct cross-impacts between descriptor futures (using an integer 
scale from -3 to +3 and verbal explanations, see Chapter 5). The preparation of the ‘cross-
impact matrix’ is a genuinely interdisciplinary task and must be realized within a multi-
discipline work setting, using participatory approaches to gather expert judgments, either 
individually, in group exercises, or by desk research.  
d. Constructing the context scenarios. The core of the method is a balance algorithm, which 
scans all possible combinations of descriptor futures (typically 104-107 combinations), 
checks the internal consistency of each of them by balancing all promoting and hindering 
impacts between the descriptor futures, and identifying a set of ‘consistent scenarios’, 
each comprising a set of mutually supporting descriptor developments (typically 5-50 
scenarios). In each case, the result is a network of interacting developments reflecting the 
overall (socio-technical) system relations between the chosen elements. The output is a set 
of raw scenarios, which still needs refinement, interpretation of the inner scenario logic, 
and verbally formulated stories [67]. 
II. Energy model analysis 
a. Each context scenario, describing a distinct, yet internally consistent future of the social, 
political, technological and economic context conditions of the energy system, is 
‘translated’ into a specific set of model input parameters by a joint exercise of context 
scenario constructors and energy model experts. 
b. The energy model generates model outputs for each input parameter set, depicting the 
‘energetic fingerprint’ of each context scenario. The differences between the outputs of 
each model run reflect the diversity of energy system responses to the range of possible 
context futures. 
 
III. Building and exploiting hybrid socio-technical energy scenarios 
a. Merging each of the (qualitative) context scenarios with its associated (quantitative) model 
output results in a consistent description of one possible future of the combined system 
‘context system + energy system’ (hybrid scenarios) explaining the interplay between both 
system parts (as far as addressed by the selected descriptors of the context scenarios). 
b. The derived set of socio-technical energy scenarios can be used to study the uncertainties 
of conclusions derived from the scenario study, to identify socio-technical opportunities, 
challenges and preconditions for envisioned energy goals, and to develop strategies that 
make a desired energy pathway more resilient to an uncertain future of the embedding 
social context. 
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5. Concept demonstration 
5.1 General remarks  
To exemplify the approach of ‘hybrid’ (socio-technical) scenarios, while showcasing their advantage 
over the traditional approach of energy system scenarios that exclude societal embedding, a 
simplified demonstrator example is discussed in the following paragraphs. For simplicity, the 
demonstrator is only based on a relatively low number of societal descriptors. Inevitably this entails 
the exclusion of some highly relevant issues from the demonstrator analysis, for instance the issue of 
energy supply security, which is addressed only in a very rough and indirect manner in the 
demonstrator.  
Moreover, the selected thematic and regional focus of the demonstrator (energy transition in 
Germany) leads to a specific focus for the topics of the context scenarios. Again this should be 
understood as an example. Selecting a different thematic and/or regional focus for the 
demonstrator, which would have been possible also, would have shifted the relevant technology mix 
(e.g. including nuclear power), energy application fields (e.g. including water desalination for fresh 
water supply in dry regions) and resource scarcities (e.g. including trained human resources): In each 
practical application of the context scenario approach the thematic and regional focus requires a 
very specific selection of the descriptor set. 
Furthermore, the assessment of the cross-impacts has been done by the authors, whereas in 
research projects, this is usually done by extensive interviews, or workshops with experts from the 
fields relating to the different descriptors. The energy system model used for the demonstrator is a 
significantly stripped-down version of DLR’s scenario model [68]. The quantitative coupling between 
social and selected technical scenario components does not provide a detailed analysis of possible 
non-linear relationships between social-economic indicators and energy-related quantities. The 
demonstrator can therefore only be meant to highlight the basic concepts of coupling social and 
technical scenarios in an integrated approach. Having said this, the demonstrator approach is robust 
insofar as it is capable of showing the shortcomings of the traditional energy scenario approach (i.e. 
which either ignores or inconsistently considers social context), and illustrating the benefits of the 
integrated socio-technical approach for energy scenario construction. An advanced study presenting 
the coupling of full-scale context scenarios with detailed energy system scenarios, however, is under 
preparation. 
 
5.2 The assumed (fictitious) task 
In general, energy scenarios are used to describe possible future energy system developments and to 
analyze the economic and ecological consequences of different development paths, the complex 
interplay between different energy system components, the feasibility as well as critical 
preconditions for and barriers to the intended energy system transition. In the end, the aim is to 
provide information and to derive guidance for decision makers in politics and industry, and the 
public. To demonstrate critical differences between the traditional and the coupled socio-technical 
scenario approach, the fictitious task of deriving policy advice on the question: “Are the goals of the 
German ‘Energiewende’ feasible?” is assumed. An analysis is conducted for both approaches (‘model 
only’ and ‘context scenarios + model’). As this is only a demonstration exercise, the analysis is limited 
in its extent and the results should be understood as merely being of illustrative significance. 
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5.3 The traditional approach 
The analysis of the traditional approach is based on a simplified energy system model for Germany 
(target year 2040), which calculates final energy demand (sectors: industry, households, commerce & 
trade, transport), gross electricity consumption, the share of renewable energies in heat and 
electricity production, the consumption of biofuels in transport, as well as the resulting CO2 
emissions. Driving factors for energy consumption are the development of GDP and population, as 
well as energy intensity estimates (i.e. average fuel consumption per mile, power consumption per 
capita in households, final energy consumption per € GDP in industry etc.).  
In the reference case, the development of GDP, population, and transport services are taken from 
Schlesinger et al. [69], which – in turn – are based on estimates of the expected (most likely) 
development of these quantities. The development of energy intensity is based on scenarios from 
Nitsch et al. [70], which assume ambitious developments, yet take technical potential and barriers 
into account as constraints (see also [68]). Table 1 shows some numerical results of the respective 
model calculations (‘reference scenario’). 
 
Table 1: Selected results of reference scenario calculations. Goals relevant to the calculations relating to the German 
‘Energiewende’ by 2040 are: -70% greenhouse gas emissions 1990-2040, 45 % share of renewables in final energy 
demand, 65 % share of renewables in electricity production, 0 % nuclear power in 2022 [71]. 
  
Table 1 shows that the reference scenario roughly meets the goals. The model delivers additional 
data about the time steps till 2040, the shares of renewable and conventional supply technologies, 
and consumption structures. Based on the scenario analysis conducted so far, a symbolic (fictitious) 
piece of policy advice might sound something like this: 
“Yes, the 2040 goals of the German ‘Energiewende’ are – more or less – feasible, provided that 
ambitious measures concerning the expansion of renewables and energy efficiency are 
undertaken.” 
However, from the perspective of context scenarios, this conclusion is open to criticism: 
The conclusion of feasibility is correct only if the assumed context conditions (population, GDP, 
energy prices, technology development, and more), which are not controlled, or controlled only to a 
limited extent by German energy policy makers, turn out to be valid. The analysis does not shed any 
light on the question whether the statement of feasibility is robust under different, yet equally 
plausible context conditions. 
A traditional approach to dealing with the uncertainty of input assumptions is sensitivity analysis, 
which is generally performed by varying a single factor, while keeping all other factors constant. In 
the demonstrator example, the energy system model was used to test the sensitivity of both final 
energy consumption and energy-related CO2 emissions on GDP development: in the reference 
scenario, a GDP growth of 0.9% per year is assumed, resulting in a GDP in 2040 of 2941 billion €2000. 
The first sensitivity test assumes weaker GDP growth (0.5%/a, i.e. 2611 €2000 in 2040), the second 
sensitivity test stronger GDP growth (1.5%/a, resulting in 3514 €2000 in 2040). Results are shown in 
Figure 1. 
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Figure 1: Sensitivity test for GDP. Reference scenario: closed circle. Results for modified GDP assumptions: open circles. 
Data show model results for German final energy consumption and energy related CO2 emissions in 2040. 
 
Based on this analysis, a piece of an – admittedly very simple - policy advice might be: 
“The feasibility statement made above does not critically depend on parameter uncertainty 
(as tested so far). If climate protection targets are to be met closely, however, economic 
policies should aim at low economic growth.” 
This advice, however, ignores that a change in economic development is unthinkable without effects 
in other fields, which would have their own impact on the energy system. The advice therefore needs 
to be revisited with the insight derived from the following section. 
 
5.4 The context scenario approach and the perspective of socio-technical scenarios 
This approach does not aim at varying single factors to test the robustness of the model results. 
Instead the whole story behind the input assumptions of a model is changed for each run. Changing 
the story means that the change generally involves several input assumptions at once. Consistency, 
however, is the key challenge: the new story should not be a mere random guess - it once again has 
to be a plausible and understandable narrative. The first steps of storyline construction consist of 
choosing the storyline descriptors and their alternative futures (the ‘variants’, see chapter 4.1). For 
the purpose of the demonstrator study, a set of 13 descriptors was chosen (see Table 2), of which six 
are quantitatively coupled to the energy system model (population, GDP, RES growth, domestic and 
industrial energy savings, and mobility structures), addressing some of the model‘s input data. 
Definitions of descriptors also include, where appropriate, a numerical translation of the key words 
used in Table 2. Economic growth weak/medium/strong, for instance, was translated into GDP 
growth of 0.5 / 0.9 / 1.5 % per year, in accordance with the sensitivity analysis described above. 
 
Table 1: Demonstrator study descriptors: Descriptors and variants.  
 
Once a set of descriptors and their variants has been defined, the cross-impacts of all possible 
combinations of descriptor-variants are assessed. For instance, the influence of global development 
on the price of oil was assessed as shown in Figure 2. 
 
Figure 2: Impact assessment of descriptor A (Global development) on descriptor E (Political priority). The assessment 
uses an ordinal qualitative judgment scale from -3, 0, to +3, meaning strong/medium/weak inhibiting influence, no 
influence, to weak/medium/strong promoting influence. The judgment +3 in the bottom right corner of the judgment 
section expresses the judgment that severely confrontational global development would strongly promote rapid growth 
in oil prices. 
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Preparing impact assessments as shown in Figure 2 for each pair of descriptors defines a qualitative 
impact network for the context system (see Table A.2 in the appendix). It can be evaluated using the 
CIB algorithm, which scans all possible configurations of descriptor futures and assesses their internal 
consistency. A configuration is rated to be valid (i.e. internally consistent), if no descriptor is able to 
improve the weighted sum of its incoming impacts by changing its assigned future. This criterion 
ensures that supporting impacts dominate the relations between the elements of the configuration, 
thus producing a network of mutually supportive assumptions. Free software ("ScenarioWizard") to 
execute the algorithm is available at [72]. 
In the case of the demonstrator data, the evaluation yields 25 consistent scenarios. The complete list 
is documented in the appendix (Table A.3). Table 3 shows a selection of four scenarios in order to 
demonstrate the diversity of the resulting context stories (denoted as scenarios 4, 10, 15 and 24 in 
the full list).  
 
 
Table 2: Examples of consistent context scenarios in the demonstrator study. See appendix for a full list of 25 scenarios.  
 
Narratives explaining the context scenarios shown in Table 3 can be constructed by reading and 
interpreting the impact relations between the scenario elements, documented in the cross-impact 
matrix. Short narratives about the selected scenarios are: 
 
S4 “Revolution from above”: While global development is showing convergence and prosperity, the 
oil price grows moderately. Germany achieves medium economic growth, which is sufficient to 
enable necessary investments. This helps keep the energy transition at the top of the political 
agenda. Planning legislation is advanced in order to speed up the transition. However, lack of 
participation causes skepticism in the population towards renewables and associated infrastructural 
modifications including those intended to maintain security of supply. A gap arises between the 
strong ambitions of the government – which adheres to its goals, motivated by strong climate change 
signals - and a reluctant, disappointed population. It is this gap that lends the scenario its central 
motif and its title. As a consequence, the private sector contributes only very little to the energy 
transition and, in the wake of infrastructure restrictions, energy security decreases. 
S10 “Consensus in a supporting environment”: This scenario shows a tendentially supportive 
combination of variants regarding the prosperity of the energy transition. Once again, global 
development is showing convergence and prosperity. The oil price grows only moderately. Germany 
achieves medium economic growth, which enables necessary investment costs and – together with 
the motivation coming from clearly visible regional climate change signals - helps keep the energy 
transition at the top of the agenda. In contrast to the previous scenario, politicians successfully 
promote the energy transition by offering means of participation and avoid estrangement with the 
population in this policy field. Industry and private households invest in new, energy efficient 
technologies. As a result the fast extension of both renewable energy technologies and 
infrastructures such as storages and the electricity grid is supported, maintaining a high level of 
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security of supply. This scenario corresponds to the framework assumptions of the reference 
scenario in paragraph 5.3. 
S15 “It’s the economy, stupid”: The gap in economic growth between the stagnant economy in 
developing countries and strong economic growth in industrial countries is getting wider in this 
scenario. This divergence means that the boost to economic growth brought by the impact of 
globalization is decreasing in Germany. As a consequence, economic growth tops the political agenda 
(giving the scenario its title, citing a famous mot of Bill Clinton’s election campaign in 1992). 
Investment friendly legislation, an only slightly decreasing population (a prosperous Germany proving 
attractive to migrants), not to mention low oil prices – resulting from low demand in the developing 
countries – all help realize strong economic growth in Germany. With regard to the energy transition, 
this environment is rather limiting. The low oil price, a government absorbed by economic issues, 
and incoherent planning legislation render many investments in renewables and energy efficiency 
unprofitable. Challenges to security of supply are limited in this scenario. 
S24 “Stormy waters ahead”: This scenario clearly shows the least happy society. Economic and 
political imbalance between the regions of the world generates political conflicts, resulting in a 
rapidly growing oil price and weak economic growth in Germany (the latter also being slowed by a 
dramatically decreasing population). Security becomes the top concern for the government and the 
public. The envisioned energy transition project is downscaled to a project of national energy 
security instead of environmental protection. Planning legislation is advanced in order to promote 
the increase of the share of renewables, which is tolerated by the population following a public 
consensus (driven by deep concerns about coming threats) that gives collective needs priority over 
individual rights. This ensures security of supply in its technical dimension whereas energy security in 
its political meaning is low in this scenario. Industry makes a concerted effort to save energy in a 
move to cushion the effects of high energy prices. As the effects of climate change are less apparent 
than in the other scenarios, and concerns about the environment are rated to be less important, 
skepticism among the population towards the energy transition in its former meaning is strong. 
Despite strong price signals, the tight budgets associated with a slowly growing economy and an 
unwillingness to relinquish savings in times of uncertainty limit investment in energy efficiency as 
well as in renewables in many households. 
The resulting final energy consumption and energy related CO2 emissions were calculated for all 25 
consistent context scenarios. In contrast to the traditional approach (sensitivity tests for single 
parameters), the context scenario approach generally requires the simultaneous variation of the 
characteristics of several descriptors. This is because the variation of a single descriptor would often 
(though not necessarily) result in an inconsistent scenario. Figure 3 shows the results for all 
consistent context scenarios (note that some context scenarios differ only in descriptors without 
direct influence on energy demand and CO2 emissions. Some data points in Figure 3 therefore 
represent more than one context scenario).   
 
Figure 3: Sensitivity of model results to storyline variation. 
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It can be clearly seen that changing the storyline can have a dramatically larger impact on the model 
results than changing a single input parameter. Some aspects worthy of emphasis: 
Feasibility of the ‘Energiewende’ 
Although the range of possible futures for each descriptor was restricted to clearly possible 
developments (thereby excluding extreme assumptions), and the CIB algorithm rigorously cut down 
the space of possible combinations to a very small subset of highly plausible configurations (in the 
demonstrator example: 25 out of 139,968), the results spread from total success to total failure in 
terms of the targets of the “Energiewende”. By elaborating which types of political, economic and 
societal framework assumptions justify a positive answer and which do not, the proposed approach 
delivers far richer policy advice concerning the question as to whether the goals of the German 
‘Energiewende’ are feasible. 
Role of economic growth 
By also considering the potential impact on other fields, the socio-technical scenario approach goes a 
step further than sensitivity analysis when it comes to assessing the role of economic growth. The 
result - in this demonstrator analysis - was that none of the sensitivity test cases shown in Figure 2 
appear in the list of consistent context scenarios. This indicates that if the assumption on GDP is 
varied, other assumptions must be changed as well in order to keep the storyline consistent. This 
accounts for side effects in the assumed change in GDP. In the demonstrator the minimum secondary 
change required to keep the storyline consistent after increasing GDP growth, was to select a higher 
population (as a consequence of Germany now being more attractive to migrants). This indirect 
effect intensifies the impact of high economic growth beyond the effect indicated by sensitivity 
analysis.  
Even more striking was the difference between sensitivity analysis and context scenario based 
analysis in the case of a weak economy. The weak-economy storyline closest to the reference 
scenario (S5) describes a loss of public acceptance of the energy goals (people resenting additional 
household costs and burdens on the economy) and, in consequence, an only moderate extension of 
renewables, a slower building renovation rate, and frictions when implementing new mobility 
structures. As a consequence, energy demand and CO2 emissions are not reduced in comparison with 
the reference scenario, but increased, a contradiction to the results of the sensitivity analysis not 
only in strength, but also with regard to the direction of impact. 
The (illustrative) policy advice, derived from the context scenario analysis, therefore differs from the 
one derived by the sensitivity analysis:  
“The effect of economic growth on energy goals depends heavily on the circumstances. 
Neither strong nor medium nor weak growth prevents or guarantees moderate success. The 
best results, however, can be demonstrated in cases with medium economic growth.” 
The demonstrator exercise, despite its simplicity, shows that a deficit in the traditional approach 
arises due to the fact that it does not guarantee the consistency of its framework assumptions, but 
assumes that robust conclusions can be drawn from an analysis regarding each energy system driver 
as an isolated factor. It thus ignores the complex interplay between different drivers, potentially 
resulting in quantitatively and qualitatively wrong conclusions. The classical setup process for 
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defining model assumptions generally does not undergo systematic consistency checks, which is now 
explicitly included through the approach presented in this paper.  
 
 
6. Discussion 
Applying SAS-approaches in energy scenario construction promises significant methodological 
improvements, as has been previously observed by several researchers (cf. chapter 3.3). The basic 
advantage is described in Chapter 6.1. 
 
6.1 Account of input data uncertainty in energy modeling 
Storylines rather than fixed sets of framework assumptions address the fact that many framework 
assumptions are deeply uncertain (particularly in the long term), and that the effect of changing an 
isolated assumption critically depends on the story behind the change. In this respect they are 
superior also to sensitivity analysis, which addresses parameter uncertainty as well but focuses on 
the effects of single parameter variations. Drawing conclusions from energy scenarios without 
challenging their results by comprehensively accounting for their input uncertainty may easily lead to 
overconfidence in the conclusions - and the policy advice derived therefrom. Storyline approaches 
instead of the random variation of input assumptions help to focus on a small and feasible number of 
highly relevant test cases, excluding implausible variations. The approach does not reduce input data 
uncertainty - but it helps to adequately represent input data uncertainty in the analysis.  
For the following reasons, substituting ‘intuitive logics’ (IL) with the CIB method in SAS can improve 
the approach still further: 
 
6.2 Storyline quality 
The first advantage of combining “CIB and Simulation” [26] is that the complexity of the embedding 
system and the uncertainty of model input data are better addressed and captured. As CIB can be 
applied via software and creates storylines using an algorithm, system boundaries need not be 
narrowed down to a very few interdependent factors capable of being handled by intuitive scenario 
construction. This can be realized with the CIB method because it is not dependent on the limited 
capability of the human mind; instead it processes multiple interdependencies at the same time [31]. 
Secondly, by using the more systematic CIB-based approach, analysts are better able to ensure input 
data set consistency and plausibility.  
 
6.3 Traceability of storyline construction 
An additional benefit of using CIB as a storyline generator is that the qualitative part of SAS is 
strengthened by improvements in traceability and objectivity [34], because any assumptions relating 
to complex societal developments and the framework for the model are explicitly addressed and 
revealed.  
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6.4 Range of considered possible futures 
Moreover, scenario content is enriched due to the inclusion of a higher number of descriptors in the 
analysis, making the adequacy of storylines easier to ensure, which means that the space of possible 
context futures is screened more exhaustively. By systematically developing traceable and 
transparent impact networks (in an impact matrix) for the system under consideration, storyline 
revisions and updates become easier, or even simply possible. Another advantage is associated with 
the use of a systematic approach, namely the ability to produce a high number of storylines, if 
requested, due to the algorithmic nature of generation [35]. Combining a context scenario analysis 
based on a high number of storylines with methods aiming at output-focused structuring, e.g. 
Scenario Discovery [73] may offer additional advantage.  
 
6.5 Reflections about model adequacy supported  
In many studies, the question whether a new quantitative model design is needed for energy systems 
analysis is not systematically answered. Instead, existing models are often adopted and employed. At 
this juncture, the context scenario approach supports a checkup if the model design provides an 
adequate response to the research question: In cases where the context scenarios point to critical 
socio-technical interactions and the technical part thereof cannot be analyzed by the model because 
of structural limitations, an expansion or a replacement of the model can be considered.  
A special situation arises if more than one model is to be applied in complex analysis tasks and the 
context scenarios are developed as a common context information for all models. The context 
scenarios then can serve as a coherence test:  Difficulties in getting the common context scenarios 
consistent with each of the model exercises indicate possible coherence problems between the 
models or their data.   
 
Despite these improvements, the approach of CIB-based construction of socio-technical energy 
scenarios still has its own limitations (see also [26]). They are described in the following paragraphs. 
 
6.6 Resource requirements 
One disadvantage of the context scenario approach is that it necessitates a separate scenario 
exercise in addition to the model exercise, thus taking extra time, method expertise and resources. 
The potential for adapting the method within short and small scenario projects may therefore be 
limited. Generally, resource requirements make it necessary to restrict the number of descriptors 
typically considered in the context scenarios to 10-20 factors (however, examples of considerably 
larger context scenario exercises exist, e.g. [51]). This means the typical sized analysis, though more 
complete than other approaches, still does not cover all major system parameters.  
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6.7 Retaining intuitive and subjective influences in storyline construction 
Although CIB-based storyline construction - generating storylines per algorithm - is far more 
systematic than traditional “Intuitive logics”-based approaches, the method still incorporates some 
intuitive steps such as expert judgments, the compilation of descriptors, quantification of descriptor 
definitions, not to mention the final selection of scenarios, or the interpretation of the raw scenarios. 
This drawback needs to be alleviated by selecting the contributing experts carefully and by a careful 
documentation of assumptions (e.g. behind impact assessments) and decisions (e.g. during scenario 
selection and interpretation). Significant expert dissent about impact assessments, which can occur 
during the preparation of the cross-impact matrix, should be documented and represented by 
evaluating several matrix variants. However, the method requires that strong expert dissent is 
limited to few topics. If dissent generally dominates the experts views, a CIB analysis (and probably 
also many other systems analysis approaches) become unmanageable.  
 
6.8 Limited capability of representing temporal complexity 
CIB leads to context scenarios based on reflections about the interdependences between predefined 
alternative developments in different fields. The alternative futures can be defined in a dynamic 
sense, such as ‘growing by 1% per year’ or ‘oscillating within a 10-year period’. But once defined, the 
dynamic description of the future variants cannot be varied ‘in the runtime’ of the analysis. This 
limits the capacity of the method for analyzing processes highly structured on the timeline. 
 
6.9 Separate analysis of societal and technical matters 
The context scenario concept enables a better inclusion of societal matters in energy model analysis. 
However, this is done by supplementing the model analysis with a separate analysis of the 
embedding system, thus perpetuating the conceptual separation of technical and societal “spheres”. 
More ambitious visions of socio-technical analysis may well claim the desirability of a genuinely fused 
analysis of societal and technical processes, and from this perspective, the context scenario approach 
may be regarded as a step in the right direction, but not as a fundamental solution. From a pragmatic 
point of view, however, the concept enables a socio-technical analysis based on current energy 
models existing today with their immense treasure of methods and data, while avoiding the necessity 
of waiting for the development of desirable, yet to be created energy models with genuine 
amalgamation of societal and technical process analysis.    
  
 
 
7. Conclusions 
The focus of this article was on the influence of framework condition uncertainty on the robustness 
of model based energy scenario analysis. According to the analysis described before, applying the 
Story-and-Simulation concept known from environmental and climate modeling can improve the 
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quality of the outcome of scenario analysis, in particular if the storylines are constructed using 
systematic (formalized) scenario methods. By using the CIB scenario method as a storyline generator, 
the concept's ability to deal with highly diverse input data sets, representing context uncertainty and 
complexity in a systematic and traceable manner was demonstrated. The finding is that the context 
scenario approach can be seen as a well-balanced middle course in sensitivity analysis: compared 
with single-parameter-variation analysis it avoids underestimating the impact of parameter 
uncertainty by varying complete storylines instead of isolated parameters. Compared with random-
based multi-parameter-variation analysis (Monte-Carlo analysis) the approach avoids overestimating 
output uncertainty because the consistency condition eliminates meaningless sets of input 
parameter variations lacking justification by a plausible story. In summary, the context scenario 
approach should contribute to the improvement of model based energy scenario analysis in the 
following areas: 
• The approach offers a particularly systematic and traceable procedure for promoting 
consistency in framework assumptions; 
• The approach supports a more consistent estimation of the influence of framework 
assumption uncertainty on the robustness of model results and conclusions derived thereof; 
• Overall, the approach fosters a stronger socio-technical perspective of model-based energy 
scenario analysis and increases the understanding of the interplay between societal and 
energy-related developments. 
On the other hand, there are also several restrictions of the concept caused by its significant 
resource requirements and the rather pragmatic way it approaches the far-reaching vision of socio-
technical analysis - the context scenario concept is clearly not a panacea for all the problems limiting 
the significance and validity of energy scenarios. However, based upon the authors' experience so 
far, it definitely moves towards counteracting one current weakness of energy scenario construction 
– the high degree of disregard for context uncertainty – and is certainly worth the effort, at least 
when creating long term energy scenarios intended for policy-advice. Currently, several projects for 
constructing socio-technical energy scenarios based on the proposed approach are running in the 
ENERGY-TRANS Alliance and results will be published in near future. In these full-scale scenario 
analyses further important aspects of energy transition, such as security of supply (i.e. import 
dependency on fossil fuels or other resources, secure capacities installed in the electricity supply 
system) as well as other criteria, e.g. generation costs for heat, electricity and fuels and further 
economic, environmental and political aspects enhancing the scope of socio-technical scenario 
analysis are addressed. 
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Appendix 
 
 
Table A.1: Examples for Energy Scenarios  
 
Table A.2: Cross-Impact data used for the demonstrator analysis. 
 
Table A.3: 25 context scenarios identified by CIB analysis. For explanation see Table 2. Non-numerical scenario sequence, 
optimized for compacted representation. 
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Figures and tables 
 
Table 1: Selected results of reference scenario calculations. Goals relevant to the calculations relating to the German 
‘Energiewende’ by 2040 are: -70% greenhouse gas emissions 1990-2040, 45 % share of renewables in final energy 
demand, 65 % share of renewables in electricity production, 0 % nuclear power in 2022 [71]. 
  Unit 2010 2040 Goals 
Total final energy consumption PJ/a 9 060 5 560 - 
RES production (power, heat, biofuels) PJ/a 991 2 800 45% TFE1 
Energy-related CO2 emissions Mt/a 778 245 225 
RES share power generation % 16.5% 63.6% 65% 
Nuclear power generation TWh/a 140.6 0 0 
1 TFE: Total Final Energy Demand 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Sensitivity test for GDP. Reference scenario: closed circle. Results for modified GDP assumptions: open circles. 
Data show model results for German final energy consumption and energy related CO2 emissions in 2040. 
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Table 2: Demonstrator study descriptors: Descriptors and variants. 
Descriptors Variants 
 1 2 3 
A. Global development convergence and prosperity divergence confrontation 
B. Oil price stability medium growth rapid growth 
C. Population slowly decreasing strongly decreasing - 
D. Economic growth weak medium strong 
E. Political priority energy turnaround security economy 
F. Acceptance energy turnaround skepticism approval - 
G. Planning legislation incoherent promoting speed promoting participation 
H. Infrastructure extension slow fast - 
I. Growth of renewable energies slow medium fast 
J. Domestic energy savings small strong - 
K. Industrial energy savings small strong - 
L. Mobility persistent structures downscaling downscaling and e-cars 
M. Climate change strong moderate - 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: Impact assessment of descriptor A (Global development) on descriptor E (Political priority). The assessment 
uses an ordinal qualitative judgment scale from -3, 0, to +3, meaning strong/medium/weak inhibiting influence, no 
influence, to weak/medium/strong promoting influence. The judgment +3 in the bottom right corner of the judgment 
section expresses the judgment that severely confrontational global development would strongly promote rapid growth 
in oil prices. 
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Table 3: Examples of consistent context scenarios in the demonstrator study. See appendix for a full list of 25 scenarios.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: Sensitivity of model results to storyline variation. 
  
S10 Consensus in a supporting
environment
A. Global development: A. Global development:
A2 divergence A3 confrontation
B. Oil price: B. Oil price:
B1 stability B3 rapid growth
C. Population: C. Population:
C1 slowly decreasing C2 strongly decreasing
D. Economic growth: D. Economic growth:
D3 strong D1 weak
E. Political priority: E. Political priority:
E3 economy E2 security
F. Acceptance energy turnaround: F. Acceptance energy turnaround:
F1 scepticism F2 approval
G. Planning legislation: G. Planning legislation: G. Planning legislation: G. Planning legislation:
G2 promoting speed G3 promoting participation G1 incoherent G2 promoting speed
H. Infrastructure extension: H. Infrastructure extension:
H1 slow H2 fast
I. Growth of renewable energies: I. Growth of renewable energies: I. Growth of renewable energies: I. Growth of renewable energies:
I2 medium I3 fast I1 slow I2 medium
J. Domestic energy savings: J. Domestic energy savings:
J1 small J2 strong
K. Industrial energy savings: K. Industrial energy savings:
K1 small K2 strong
L. Mobility: L. Mobility: L. Mobility: L. Mobility:
L1 persistent structures L3 downscaling and e-cars L1 persistent structures L2 downscaling
B. Oil price:
S4 Revolution from above S15 It's the economy, stupid S24 Stormy waters ahead
A. Global development:
A1 convergence and prosperity
J. Domestic energy savings:
B2 medium growth
C. Population:
C2 strongly decreasing
D. Economic growth:
D2 medium
E. Political priority:
E1 energy turnaround
F. Acceptance energy turnaround:
F1 scepticism
H. Infrastructure extension:
H2 fast
J1 small
K. Industrial energy savings:
K2 strong
M. Climate change:
M1 strong
M. Climate change:
M2 moderate
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Table A.1: Examples for Energy Scenarios  
Study Scenarios 
Key Factors – Source used  Analyses of 
interactions 
Growth of GDP Population Oil Price CO2-Policy 
IEA – World 
Energy Outlook 
[7]  
• Current Policies 
Scenario 
• New Policies 
Scenario 
• 450 Scenario 
 [80], [87], own 
calc. based on 
changes in 
labor supply 
and improve. 
in productivity 
[8] own calculations 
taking changes 
in energy 
demand into 
account  
own 
compilation 
use of  bottom-
up model (World 
Energy Model 
(WEM)) 
IEA – Energy 
Technology 
Perspectives 2012 
[9] 
• 6°C Scenario 
• 4°C Scenario  
• 2°C Scenario 
[81] [81] [81] own 
compilation 
use of bottom-up 
model (ETP-
Times) 
EIA – International 
Energy Outlook 
2013 [74] 
• Reference  
• High Eco. Growth  
• Low Eco. Growth 
• High Oil Price  
• Low Oil Price  
[82], own 
calculations 
[84], own 
calculations 
own calculations 
(IEM Module) 
 (-) use of bottom-up 
models (e.g. 
National Energy 
Modeling System, 
World Energy 
Projections plus 
(WEPS+)) 
ECF- Roadmap 
2050 [75] 
• Baseline 
• 4 different 
pathways 
[83], 
Oxford 
Economics 
[83] [83] [83], [85] use of bottom-up 
approach 
WEC -World 
Energy Scenarios 
[76] 
• Jazz  
• Symphony 
 
Own 
projections 
(based on debates 
with experts) 
Own 
projections 
(based on debates 
with experts) 
Own projections Own 
projections 
use of bottom-up 
model (Global 
Multi-Regional 
MARKAL) 
E3m-Lab - Eu 
Energy, Transport 
and GHF Trends to 
2050 [77]  
• Reference 2013 
? [86] own calculation 
(using the model 
PROMETHEUS) 
(-) use of bottom-up 
model (PRIMES) 
and sub-models 
Greenpeace - 
Energy  
[r]evolution [78] 
• Reference 
• Energy [R]evolution [81] [81] own calculations 
based on [81] 
and with help of 
partners 
[81], own 
compilation 
use of bottom-up 
approaches 
ExxonMobil - 
Outlook for 
Energy 2014 [79]  
 calculations based on internal data and on information from external 
sources including the International Energy Agency 
no information 
provided 
Shell – New Lens 
Scenarios [45] 
• Mountains 
• Oceans UN population division, EIA, Booz & company, Center for strategic and 
international studies (CSIS),  the World Bank 
no information 
provided 
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Table A.2: Cross-Impact data used for the demonstrator analysis. 
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Table A.3: 25 context scenarios identified by CIB analysis. For explanation see Table 2. Non-numerical scenario sequence, 
optimized for compacted representation. 
